The effect of zinc administration to rats on the acute inflammatory response to carrageenan in the pleural cavity was studied. The number of neutrophils mobilized into the pleural cavity was markedly reduced in a dose-dependent manner, whereas the volume of exudate formed significantly increased during the development of pleurisy. In the neutrophils isolated from zinc-treated rats, the mobilization capacity, phagocytic activity and concomitant O2-production were strongly inhibited accompanied with a slight increase in zinc content in the cells. These inhibitory effects of zinc on neutrophil functions and the increase in zinc content of cells were also observed in an in vitro system.
The effect of zinc administration to rats on the acute inflammatory response to carrageenan in the pleural cavity was studied. The number of neutrophils mobilized into the pleural cavity was markedly reduced in a dose-dependent manner, whereas the volume of exudate formed significantly increased during the development of pleurisy. In the neutrophils isolated from zinc-treated rats, the mobilization capacity, phagocytic activity and concomitant O2-production were strongly inhibited accompanied with a slight increase in zinc content in the cells. These inhibitory effects of zinc on neutrophil functions and the increase in zinc content of cells were also observed in an in vitro system.
The viability of neutrophils obtained from zinc-treated rats slightly decreased, as was evidenced from leakage of cytoplasmic lactate dehydrogenase during the course of phagocytosis, suggesting that the neutrophils from zinc-treated rats may be more susceptible to cell damage during phagocytosis.
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carrageenan; pleurisy; neutrophil; zinc; chemotaxis; phagocytosis; O2-production; lactate dehydrogenase leakage Zinc has been shown to influence many functions of various cells associated with the inflammatory process.' Various effects of zinc have been demonstrated in vitro, including stabilization of the lysosomal membrane,2) inhibition of macrophage and neutrophil migration and phagocytic activity,3) inhibition of histamine release from mast celle and inhibition of prostaglandin synthesis.5) On the other hand, zinc administration to rats has been shown to inhibit the mobilization and phagocytosis of leukocytes in the inflammatory response to intraperitoneal injection of mineral oil.6) The effect of zinc on these inflammatory cells has been postulated as being the result of interaction of zinc with some functional groups of intrinsic components in the plasma membrane,' but the exact mechanism still remains to be elucidated. The experiments to be described here involve studies of the effect of zine administration to rats on functional parameters of neutrophils, using carrageenan pleurisy, a model of acute inflammation which allows precise quantitative evaluations of both neutrophil migration and exudate volume. The results indicate the ability of zinc to interfere with chemotactic function; phagocytic activity and superoxide anion (OD production of neutrophils.
Experimental

Materials
Cytochrome c (horse heart type III), superoxide dismutase, catalase (horse heart), zymosan A, N-fMet-eu-Phe (FMLP)-and bovine serum albumin (BSA) were obtained from Sigma Chemical Co., lambdacarrageenan from Minsei Rikagaku Co. and nicotinamide adenine dinucleotide (NAD +) from Oriental Yeast Co., Japan. Hematoxylin and Giemsa solutions were purchased from Merck Co. Other reagents used were of analytical grade.
Rat Pleurisy Pleurisy was induced by the method described by Vineger et al.7) Male Wistar rats, weighing 200 + 20 g, were given a single, intraperitoneal injection of various doses of zinc (as ZnCl2) dissolved in isotonic saline. Neutrophils were obtained from rats as described in the legend to Table I . Chemotaxis, phagOcytosis and 0,-production of neutrophils were measured by the methods described in the text, in the presence of various amounts of zinc. Values in parenthesis represent the inhibition %. Each value represents the mean + S.E. of 5 to 6 experiments.
suggesting that the neutrophils from zinc-treated rats may be more susceptible to cell damage during phagocytosis.
Discussion
The injection of carrageenan into the pleural cavity is followed by an increase in the vascular permeability, the accumulation of exudate and infiltration of neutrophils .') The results described in this paper demonstrate that zinc administration to rats modified the acute inflammatory response to carrageenan in the pleural cavity: neutrophil mobilization was inhibited and exudate formation was augmented. The magnitude of inhibition of neutrophil mobilization into the pleural cavity was related to the dose of zinc (Table I) . These effects of zinc on cell mobilization are consistent with the report that the intraperitoneal injection of mineral oil into rats treated with zinc resulted in the inhibition of cell mobilization into the peritoneal cavity accompanied with ati increase of serum zinc level. The observed inhibition of cell mobilization did not seem to be mediated by an antimitotic action of zinc , since a high dose of zinc (33.0 mg/kg) failed to affect the peripheral cell count . In addition, marked suppression of chemotactic response to a chemoattractant was demonstrated in neutrophils isolated from zinc-treated rats or incubated in medium containing zinc ion by Millipore filter assay (Tables II and III) , suggesting that zinc can inhibit some processes of neutrophil activation, resulting in the suppression of neutrophil chemotaxis and mobilization into the inflammed area. Previous workers3) have shown that in dog peripheral granulocytes , zinc inhibits the in vitro phagocytosis of yeast particles and concomitant respiratory burst , with an increase in cellular zinc content, suggesting that the actual quantity of zinc bound to cell structures is critical for the activity of cells. In agrement with their studies , the present results indicate that zinc treatment in in vivo as well as in vitro situations inhibited both phagocytosis and 02 production of neutrophils stimulated with STZ. Futhermore, our results showed that the suppression of neutrophil functions coincided with an increase in the zinc content in cells . The mechanism by which neutrophil functions could be inhibited by zinc is unknown, though several possibilities can be considered, such as blocking of membrane receptors , changing the fluidity of the membrane components, interfering with cytoskeletal elements and antagonizing Ca2 , as suggested by the previous authors. 31 Chvapil et al. suggested that the increase in viability of macrophages pretreated in vivo with zinc was related to the decrease of phagocytic activity.14) These findings differ from the present results, which indicate that the viability of neutrophils from zinc-treated rats decreased, despite the inhibition of phagocytic activity for STZ (Fig . 2) . This apparent discrepancy may be attributable to the difference in the particles being phagocytosed, in cell types or in the viability index employed. Neutrophils are known to be susceptible to damage by self-produced oxygen metabolites15) and the viability of phagocytosing neutrophils could be protected by defense mechanisms, namely, superoxide dismutase, catalase and glutathione peroxidase.16) Moreover, a similar protective role of intracellular glutathione against oxidative damage has been proposed.17) Our finding that cell damage was potentiated in neutrophils from zinc-treated rats may reflect impairment of any of these defence systems.
Further experiments are required to clarify the mechanism of cell damage in neutrophils from zinc-treated rats.
The present experiments demonstrated that zinc-treatment augmented the volume of exudate in spite of the dose-related decrease in mobilization of neutrophils (Table I) . It has been suggested that although the mobilized neutrophils are required to initiate the process of exudate formation, the cells of the pleura produce reactive prostaglandin intermediates that increase vascular permeability.") Further study demonstrated that prostaglandin E2 potentiated the activity of bradykinin to initiate the accumulation of pleural exudate.19) On the other hand, zinc has been shown to inhibit in vitro prostaglandin synthesis in rabbit peritoneal neutrophils.5) Therefore, we can not yet explain the augmenting effect of zinc on the formation of exudate.
Several workers have observed the beneficial effect of zinc therapy in patients with rheumatoid arthritis,20) sickle cell anemia21 )and venous leg ulcer. 22) The results presented here demonstrate a depressive effect of zinc upon neutrophil functions, so the possibility must be considered that under certain conditions, zinc treatment may render the organism more susceptible to bacterial infection. In fact, parenteral administration of ZnCl2 has been reported to potentiate lethality in rats following challenge with Salmonella typhimurium.23)
